its design data, the accuracy of this systemii appears to be comparable to that of systems proposed by Schmitt and Simonson2 and Frank.3 In addition, the axial system is reported to be relatively insensitive to exact electrode placement. This characteristic would be an important asset to convenience and reproducibility of results.
Like other proposed lead systems, the axial system requires clinical evaluation. One step in the necessary evaluation is identification in records obtained with the new system of the counterparts of features of known clinical significance from conventional electrocardiographic leads. Such studies may be expected to define the form in which some findings of established importance in conventional leads are reflected by the new system. They mayi also be expected to identify those items of known significance in the conventional tracing that the new leads do not reflect in easily recognizable form. Finally, such studies may be expected to contribute to definition of the range of normal variation of records obtained with the new electrode arrangement. Similar studies of the Frank electrode system have been reported. 4' 5 Further steps in the evaluation of a lead system should include additional technics of recording and analysis in an attempt to identify as much as possible of the information n-ow obtained from conventional electrocardiograms as well as an attempt to obtain still more useful information.
The purpose of the present study was to identify the counterparts of clinically significant items of information from conventional electrocardiograms in leads from the axial lead system. lIater studies will be directed at defining the merits of this lead system wheni used with methods of recording other than ordinary electrocardiographic tracings.
Materials and Methods
Eighty-five subjects with normal electrocardiograms and 104 patients with a variety of electrocardiographic abnormalities were studied. Subjects in the normal group ranged in age from 18 to 75 years and those with abnormal tracings from 27 to 82 years. Electrocardiographic leads reflecting horizontal (X), vertical (Y), and anteroposterior (Z) components of the heart's electrical activity were recorded with use of the axial lead system. Two electrodes on each side of the chest gave X, electrodes on the neck and left leg gave Y, and three electrodes arranged in the form of a triangle on the anterior chest and one on the back gave Z. The electrode triangle on the anterior chest was oriented with its base nearest the subjeet's feet and was equilateral with the electrode centers 6 em. from the center of the triangle. The back electrode was located directly behind the center of the chest triangle. The polarity of leads X and Y was comparable to leads I and Vf, with upward deflections representing positivity to the left and downward. Upward deflections in lead Z indicated positivity directed posteriorly. For a detailed description of this system and its design data the original publication should be consulted.' A conventional 12-lead electrocardiogram includ-Circulation, Volume XXV, January 1962 44WILKINSON ET AL. ing standard limlb leads, augmented unipolar limb leads, and precordial leads V1 through V6 was obtained on each subject on the samne occasion as the axial leads. All leads were recorded consecutively at a paper speed of 25 mm. per second with a conventional electrocardiograph.
The conventional leads were examined and described in terms coommonly emeployed in electrocardiographic interpretation. The specific features known to have clinical importance were listed, and the presence or absence of the counterparts of these findings in the axial systemii leads was noted. It was recognized tha.t the counterparts of features in a given conventional lead need not always appear in the samne axial lead although lead X was muost closelyrelated to leads I, aVI, '1 'R1, V5, and VY;, Y to leads II, III, and aVF, and Z to leads V] through V4. The final basis of comparison was whether the same clinical significance could be inferred from-findings in the axial leads as was attached to findings in the conventional tracing. The normal records obtained in this study were not enmployed to attemnpt definition of the quantitative range of variation of axial leads. They were, however, used to indicate the qualitative range of normial variation. For example, T waves in axial leads X and Y from subjects with normal conventional tracings were always upright, and those in lead Z were always inverted; so inverted T waves in leads X and Y could be considered counterparts of abnormal inverted T waves in leads I and aVF and upright T waves in lead Z could be considered counterparts of abnormal inverted T waves in V1 through V4. Results P waves. In axial leads obtained from subjects with normal routine electrocardiograms, P waves were upright in leads X and Y in 82 reeords and were diphasic in lead X in one record, diphasic in Y in one record, and isoelectric in X in one record. In the same records P waves in lead Z were upright in two, diphasic in 20, isoelectric in four, and inverted in 59 records.
There were no definite abnormalities of the P waves among the 104 abnormal conventional tracings. In the axial leads from these patients, P waves were upright in lead X in 102 records, diphasie in one, and isoelectric in two records. In lead Y, P waves were upright in 99 records, diphasic in two, and isoelectric in three. P waves in lead Z were upright in 16, diphasic in 34, isoelectric in 14, and inverted in 40, which represents a greater percentage of upright and diphasic P waves than were found in niormal tracings. The significance of this finding is not certain but it is possible that atrial disease was preselnt in soine of the patients with abinornmal electrocardiograms an-d that appropriate criteria applied to axial leads mav prove useful in recognizing such disease.
QRS complexes. The counterparts of miost of the QRS abnormalities in conventional leads could be recognized in axial system leads. Only those findings from the axial leads of patients with abnormal conventional tracings that definitely differed from findings in axial leads from subjects with normal routine tracings were eonsidered counterparts of abilormalities in conventional tracings. These finldings cannot be reported quantitativelv, sinee the range of normal variability of leads from the new systemn has not been established, but the findings can be described qualitatively and illustrated by selected examples. A normal conventional electrocardiogram and axial leads from the same subject are shown in figure 1A.
Right bundle-bralnch bloek may represent ani especially important test of the ability of an orthogonal lead systemn to reflect the clinically significant items of information now obtained from the conventional tracing. The RSR' pattern on which this diagnosis is partially based is often present in V1 or V2 while this pattern is absent in V3 and V4. Eleven tracings in this study showed evidence of right bundle-branch block, and in all instances the counterparts of the items of information on which this diagnosis was based appeared in the axial leads. When an RSR' pattern was present in V1 and V2. lead Z always showed a terminal S wave reflecting late excitation directed anteriorly. This finding was present even when leads V3 and V4 had no features oii which the recognition of right bundle-branch block could be based. A conventional tracing showing right bundle-branch block and axial leads from the same subject are shown in figure 1B.
Eleven conventional electrocardiograms showed pathologic Q waves in one or more Circulation, Volume XXV, January 1962 A. of the precordial leads V2 through V that were interpreted as evidence of anterior wall mnyocardial infaretion. In axial leads from 10 of these subjects the initial QRS deflection was upward in Z reflectingo, excitation directed posteriorly, whereas in all axial leads froin subjects with normal electrocardiogramiis, the initial QRS deflection was downward in that lead. Absence of the normal Q wave in Z was not observed in any of the abniormealities studied other than anterior wall infaretion. A conventional tracing showingy evidence of aniterior wall infaretion and axial leads from the same patient showing absence of Q waves in lead Z are shown in figure 2A . One coniveltional tracing showed deep QS waves in V1 and V2 and small Q waves in V3 and V4.
ORTHOGONAI LEAD SYSTEAlM
Circulation, Volume XXV, January 1962 Axial leads f romti this latient shiovwed a niormlal Q wave in lead Z and no apparent differences )erinitting recognlition of myocardilal inifaretion between the QRS complexes in leads X alid Y as conmpared to those froin subjects witlh inormnal electrocardiograms. The recordls of this patient are showni in figure 2B .
Fourteen conventioinal tracings showed patholocic Q waves in leads II, III, and aVW considered to be evidenice of infaretion involvinig the diaphragmatic cardiac wall. In axial leads from these same patients, comparable Q waves w,ere present in lead Y in all cases. One patient had electrocardiographic evidence of inifarctioln inlvolving the lateral wall ollyv anid three others had evidence of infarction-l inivolving this wall as well as the anterior OVR OVL OVF -'Iso (a i it ti/t onl ti /Iu'dioryticf wi/ih feotearas suggestire of atetic rio r wtall itifar c icion inc luiding 9S d(crc/clions in ittl/s V1 rindrl V., and small 9 i(XnS ifl VTS3 ctind 14-4. Ail itads front this paitient (10 not s/ionl otinte/rvpa s rtf thIe Q91S atbnormalitiics it" Coiit"eitntiotiil leads that perrmit th1 dliagtosis of! m'/locradi(dl tif artion. Lead Z shot'.s l n)ove0tl Q ittire rCfe tiny iiii/til ven/feIt 1n12l exeuttitaun c/itt ctea itdtt/eriovl. or infelrior' wall. Wi(IC d 9vac W es in leids 1. aV . V., an,d V \ W xx e1e l)di'SCit iii the eleetrocardiogr'alms of these patienits, and Q waves of similar duratioin Awere present iii lead X obtainied withi the axial lead system. 'I'lPe eleetrocardiogram of onie 1)(at ieftslhowed simall Q waves ill V2 throu1gh1 V4 anid also large RK waves; ill A2 andl V,. 'rlie signClieaiiee of these filldlilng's Awls uncertaiti bult illlarertion involving the anterior and posterior cardiae walls was one possible expflanationi. TPhe Z leals from this patienlt showved tho/ connterl)arts of these findings ini ani initi:ll small it w ave aiitl a, tleit S ave, wllich were also eo paltible w-ith inifaretioni inl the sites 1mnmed.
Thy'reec eleetrocardiograins show-ed ev-\Tidence ov eomnplete left I.lmiidle-ltraneh bloek and, ill all, the lPoint of Q1l8 et (tol)lpXles in lead X was-c similtar to that in lead 1 an-,d thati' in Y was snnilar to that in aF . TJIea(1 Z showed iiiitial Q wvav-es and lar(re R K waves eorresponding lo R m-tv\es and deep S waves iii V1 tlhrouighl V4. Tw Eleven routine: tracings slishoxed QRS liblormalities that were inter)preted,as evidence of right ventricular einla rgemenit, and showed evidence of left vewtrieular enilarg-e(ment. These recotds presented a special pi)ol)lem with respect to identifying the counter- quantitative criteria for the variability of axial leads, so that furthier attemptsl to identify this category of QRS abnor mdliies in axial leads were lnot made. All but six of the eonvi'entioinal traeings considered to have abnormal QRS eomil)lexes also had abnormal S-T segmenits or T wvaves. Tlbes:together with other tracings that shoiN-ed alnormalities of omilv the S-T segments oi T waves constituted a group of 99 records. Axial leads from all but two of these suLbjects showel recognizable abnormalities of the S-T segments or the T waves. Ini most of these records the eounterparts of all individual abnormalities in conventionial leads could be identified but there were somiie exceptions which will be described.
One record had normal T waves in all precordial leads but abnormally low or inverted T waves in leads II, III, and aV,. The axial leads were also abnormal but the specific findings appeared in both lead Y, where T waves were isoelectric, and lead Z, wlhere T waves were diphasic.
One record showed T-wave inversion in leads V3 and V4 but the polarity of T waves in lead Z was normal. The axial leads were recognizably abnormal, however, on the basis of isoelectric T waves in lead X corresponding to similar T waves in leads I, aV,, V,,-, and V6.
In one record leads V1 and V2 showed inverted T waves, which is a normal variant, and T waves in V3 and V4 were normally upright. Lead Z from this subject showed abnormal upright T waves. Both the conventional and axial records of this subject were recognizably abnormal on the basis of other findings, namely, S-T depression in II, III, and aVF and similar depression in lead Y.
One record showed definite abnormalities of the T waves in V3 and V4 in which these waves were diphasie but T waves in lead Z were normally inverted. In this record T waves were normal in lead I, but were diphasic in lead X. Another record showed normal upright T waves in leads V2 through V4, but abnormal upright T waves in lead Z. The conventional tracing was itself abnormal on the basis of inverted T waves in leads II, III, aV,. anid displaeeimnet of S-T segments; these abnormalities had specific couniterparts in the axial leads. This reeord is shown in figure   3B . There appeared to be instances in which the samne information was reflected in both axial anJd conwventional leads but not in the leads from the two systems that are usually most closely related.
In one instance T waves were clearly inverted in leads II and aVX. T waves were also abnorinal in lead Y but were isoelectric rather than inverted. In the same record T waves were inverted in leads I and V4 through Vo and were diphasic in lead X.
In two records T waves in lead I were low and abinornmal by conventional stanldards of electrocardiographic interpretation. In these records this was the only T-wave abnormality present. T waves in axial leads were not recognizably abnormal, being upright in leads X and Y and inverted in lead Z. One of these records is shown in figure 3A . It is possible that quantitative criteria for the amplitude of T waves in axial leads might indicate that the T waves in these records were actually abnormnal, but such criteria are not yet available. It is also possible that the T-wave "abnormality" in the conventional leads was not significant and that the axial leads provide a more valid assessment of cardiac status than the conventional leads. Neither of these possibilities can be evaluated at present.
Discussion
Lead systems that do not depend on representing the body as a simple geometric figure are a significant achievement, but their place in clinical electrocardiography must be defined by clinical studies. It needs to be determined whether orthogonal systems furnish all the clinically useful information now supplied by the conventional 12-lead electrocardiogram and also whether they furnish additional information of clinical importance. The form in which useful information is reflected by the new system also needs definition to determine the most appropriate technics of display and analysis for use with the system. The present study furnishes information con-ORTHOGONAL LEAD SYSTEM cerning the form in which electrocardiographic findings of known clinical significance are reflected by an orthogonal system when the system is used to record simple electrocardiographic leads.
Results indicated that most, but not all, of the clinically sianificant information from conventional 12-lead electrocardiograms appears in easily recognizable form in three leads from the axial electrode system. It is possible that different technics of display and analysis may show an even greater information content. In a study of another orthogonal system, Pipberger and associates5 reported that virtually all clinically useful information from conventional electrocardiograms could be recovered from orthogonal leads. In that study a resolver was employed to rotate effectively a lead axis to various positions approximating those of precordial leads, with the finding that the significant features of the actual precordial leads could be recognized in the new leads derived from the orthogonal system.
At present the optimum method of recording and interpreting the electrocardiographic data from orthogonal lead systems has not been determined. A variety of technics including simple electrocardiographic leads, vectorcardiograms, records of magnitude and orientation, and various computer analyses of orthogonal leads are being investigated. The place of orthogonal systems in clinical medicine and the merits of various recording and analysis technics will be defined by such studies. Summary
Orthogonal electrocardiographic leads of 85 normal and 104 abnormal subjects obtained with a new lead system were examinied for the counterparts of clinically significanlt findings in conventional 12-lead electrocardiograms. Most of the findings judged significant in conventional leads had easily recognizable counterparts in orthogonal leads. Excluding findings suggestive of ventricular enlargement, the conventional tracings of 40 subjects showed QRS abnormalities, and counterparts of these were identified in the orthogonal leads of all but one subject. Counterparts of findings suggesting ventricular enlargement could not be evaluated, since the range of normal variation of orthogonal leads obtained with the system used has not been established in quantitative terms. Conventional records of 99 subjects showed abnormalities of the S-T segments or T waves or both, and recognizable abnormalities of these portions of the curves were present in the orthogonal leads of 97 of the subjects.
